In this experimental work, the viscosity and density of methyl ester based waste cooking vegetablebiodiesel oils were investigated under varying temperature and blend ratio of ultra-low sulfur diesel summer (ULSDS). The transesterified fatty acid methyl ester of waste cooking vegetable oils collected from local restaurants and cafes was used as neat biodiesel. Six different fuel blends (5%, 10%, 15%, 20%, 50% and 80% by volume mixing with base biodiesel) were studied along with base ULSDS fuel and pure biodiesel. Tests for viscosity and density were performed in the temperature range -13℃ -90℃. It is found that pure biodiesel has the highest viscosity and density at a given temperature among biodiesel blends. Moreover, the density of each fuel sample decreases linearly with the increase in temperature. On the other hand, the viscosity decreases exponentially with the increasing temperature of each fuel sample. Moreover, the objective of this experimental work was to study the changes in the properties of biodiesel and the mixtures of the biodiesel with ULSDS during the long-term storage. The fuel samples were stored for 12 weeks at constant temperatures (40 ℃±1) and properties such as kinematic viscosity and density were periodically measured. The observations of the sample were tested every two weeks for a period of 12 weeks. Based on the experimental results, kinematic viscosity and density were increased upon extended storage by only small increments.
Introduction
Biodiesel is a renewable and environmentally friendly alternative fuel, which is comprised of monoalkyl esters of long chain fatty acids derived from vegetable oils or animal fats [1] . Biodiesel and its blends with petroleum-based diesel fuel can be used in diesel engines without any significant modification to the engine [2] [3] [4] . The advantages of biodiesel over petroleum diesel are improved lubricity, a higher flash point, lower toxicity, and biodegradability [5] [6] [7] . Also, since biodiesel is oxygenated, combustion is more complete and produces fewer harmful emissions and pollutants [8, 9] .
Density and viscosity of biodiesel are two important physical properties because they are widely used in combustion models, design-operation-control of processes, and fuel quality. Viscosity, a measure of resistance to flow of a liquid due to the internal fluid friction [10, 11] , is an important property because of its direct relation with the fuel injection process in engines [11, 12] . Biodiesel viscosity is usually higher than that of diesel, which results in longer liquid penetration and worse atomization [13, 14] compared with diesel fuel. Substance density is defined as its mass per unit volume. Density is a physical property that can be used to calculate the precise volume of fuel necessary to supply an adequate combustion. The injection system, formed by high-pressure pump and injectors, enters to the cylinder a discrete volume of fuel, which is calculated by the Electronic Control Unit of the vehicle depending on the driving conditions [15] . The density of fuels mainly affects the spray momentum and the distribution of equivalence ratio. Apart of that, density is commonly used in numerous unit operations of biodiesel production [16] . Also, density values are required to properly design: reactors, distillation units, storage tanks, and pipes.
Biodiesel can be used as fuel or blended with petroleum in any percentage. However, the standard storage and handling procedures used for biodiesel are the main issue due to the biodiesel fuel specifications [17] . Several studies have shown that biodiesel storage duration and temperature are associated with adoption of biodiesel properties and quality of biodiesel.
Consequently, this study aimed to investigate the effects of storage duration of variant blending biodiesel ratio under constant storage temperature on fuel properties in terms of kinematic viscosity and density. The biodiesel samples were stored in laboratory oven at 40±1℃ and were estimated at regular interval over a period of 12 weeks. The observations of the samples were tested every two weeks for a period of 12 weeks. Moreover, the effects of testing temperature on properties of biodiesel such as kinematic viscosity and density were examined. Furthermore, a graphic representation of viscosity and density as a simultaneous function of temperature and volume fraction as well as volume fraction and storage period in three-dimensional plots (3D-plots) is made
Experimental Methods

Material
The biodiesel used in this experimental work was transesterified fatty acid methyl ester of mixture of waste cooking oils and was collected from local cafes and restaurants. In this study, the termed pure biodiesel is denoted as B100 and was mixed with ultra low sulfur diesel summer (ULSDS). Therefore, the other fuel samples were termed as B5, B10, B15, B20, B50 and B80, i.e. 50% of pure biodiesel is mixed with 50% ULSDS. Biodiesel blends were prepared by weighting with an analytic balance. The uncertainty was ±0.0001 g. The system was mixed perfectly into a homogeneous solution by a magnetic stirrer before the experimental measurement of density and viscosity was done. The composition of the biodiesel with regard to fatty acid methyl ester was determined by gas chromatography (GC) in accordance with The American Oil Chemical Society official methods (AOCS). The results of GC and the fuel properties of biodiesel and ULSDS are presented in Table 1 . 
Storage test procedures
2000 mL sample was prepared for pure biodiesel and each blend and stored in closed glass bottles of 500mL capacity for 12 weeks. The samples were kept indoors, at 40 ±1℃ in the dark oven for which the temperature was controlled with a thermostat in the laboratory. Samples were taken out periodically every two weeks to study the storage condition effects.
Viscosity and density measurements at various temperature from 20 to 90℃
Kinematic viscosity (mm 2 /s) was determined with Ubbelohde viscometer following the ASTM Standard D-445. The kinematic viscosity was measured in the temperature range 20 o C -90℃ with an accuracy of ±0.1%. Fig. 1 shows the experimental setup used to determine the temperature dependence of kinematic viscosity of the samples analyzed. To ensure precise and stable temperature control during measurements, a digital temperature controller resistance was used to monitor the temperature. A uniform temperature inside the heating bath was attained. In addition, the mixer enabled the regulation of the temperature of a heated oil bath containing the viscometer by means of an electric heater. Moreover, in order to ensure the temperature in heating bath is homogenous and constant, two T types thermocouples were used to measure the temperature in heating bath using multi-thermometer as shown in Fig. 1 . Each sample was tested three times, and the average kinematic viscosity was calculated. In order to precisely determine the relationship between the time of flow and the kinematic viscosity for the two viscometers used, calibration of the instrument was necessary. Table 2 . The calibration constant can be used up to the temperature of 270℃, and the influence of the temperature on the capillary constant due to thermal expansion of the Duran glass was negligible. For absolute measurement, the corrected flow time multiplied by the viscometer constant K directly gives the kinematic viscosity [mm 2 /s] as given in Equation (1).
where ν, K, t, and y represent the kinematic viscosity, the calibration constant, measured time of flow and kinetic energy correction, respectively. The density of the biodiesel was measured using a Pycnometer with a bulb capacity of 25ml. The weighing was done by using a high precision electronic balance with a precision of ± 0.1mg. The experimental setup of measuring the density of biodiesel samples from 20 to 90℃ is shown in Fig. 1 . Each fuel was tested three times, and the average density was estimated.
Viscosity and density measurements at various temperature from -13 to 20℃
Fig . 2 shows the experimental setup used to measure the kinematic viscosity and density of biodiesel and its blends with ULSDS in the temperature range -13 to 20℃. The experimental setup consists of Ubbelohde viscometer, Pycnometer, a compressor, a mixer, multi-thermometer and a thermostat. Alcohol (ethanol) is the simplest and cheapest cooling bath. To obtain a uniform temperature distribution within cooling bath, the cooling bath is equipped with a mixer to circulate the alcohol. The bath temperature was controlled using a thermostat by automatically starting up and shutting down the compressor. Also, two T types thermocouples were used to measure the temperature in cooling bath using multi-thermometer at different locations. A coil connected to a compressor cools down the liquid bath and the compressor is cooled down by a radiator as shown in Fig. 2 . The cooling bath was thermally isolated from the rest of its surroundings by a 3cm thick Styrofoam layer. 
Statistical analysis
The experimental data obtained from this work were also analyzed by response surface methodology (RSM) by the response surface regression approach of second-order polynomial equation (Eq. (2)).
where Y represents the predicted response; β o is the offset term; β i is the linear coefficient; the secondorder coefficient and β ij is the interaction coefficient; x i and x j are the independent variables. The method of least squares was employed to ascertain the values of the model parameters and analysis of variance (ANOVA) was applied to establish their statistical significance at a confidence level of 95%. Fig. 3 shows the effects of testing temperature on kinematic viscosities of biodiesel blends. It can be seen that the kinematic viscosities of pure biodiesel are higher than ULSDS in the temperature range -13 -90℃. The obtained kinematic viscosity data for biodiesel blends correspond with the recommended ASTM D455 values: 1.9 -6 mm 2 /s at 40℃. Moreover, it is found that the pure biodiesel (B100) offers the highest viscosity while the biodiesel-diesel (D100) has the lowest kinematic viscosity at a given temperature. It is also observed that with the increase of temperature, the viscosity of each fuel dropped exponentially as shown in Fig. 3 . Fig. 4 shows the densities of waste cooking biodiesel (B100), B80, B50, B20, B15, B10, B5 and ULSDS (D100) from -13℃ to 90℃ at atmospheric pressure. D100 has the lowest densities among the blends. The densities for all fuels decreased as the test temperature increased. 
Results and Discussions
Effects of test temperature on kinematic viscosity of biodiesel blends (0 week)
Effects of test temperature on density of biodiesel blends (0 week)
Effects of storage period on kinematic viscosity of biodiesel blends
The experimental data of kinematic viscosity (at test temperature 40℃) for biodiesel samples for different storage periods are presented in Table 3 . The initial kinematic viscosities of eight samples (Table 3) were within the specified ranges contained in ASTM D455. The kinematic viscosity of studied fuels increases with the increase of storage period as shown in Fig. 5 and Table 3 . It is observed that the kinematic viscosity values of B5, B10, B15 and B20 over a storage period of 12 weeks are in accordance with a standard demand for diesel fuel (ASTM D 975 recommended values: 1.9-4.1 mm 2 /s at 40℃) as shown in Fig. 5 . While, after 10 weeks, the viscosity value of B50 at 40℃ is higher than the specified ranges values of viscosity diesel fuel (ASTM D 975).
The increase ratio (I r ) is defined as the kinematic viscosity of a given sample at 12 weeks of storage divided by its initial kinematic viscosity at 0 week. Because kinematic viscosity of FAMEs increases with time, all I r values were greater than 1.00 as shown in Table 3 . In addition, the influence of testing temperature on kinematic viscosity for some selected storage periods has been tabulated in Table 4 . It is observed that the samples demonstrate temperature-dependent behaviour and the kinematic viscosity is increasing over the storage period for the same testing temperature. An increase of the storage period leads to increase the kinematic viscosity of biodiesel blends. Fig. 6 shows the relationship between the kinematic viscosities and the temperature for a storage period of 6 weeks. The kinematic viscosity decreases nonlinearly with increasing temperature. 11.6 9 nd not determined Fig. 6 . Measured kinematic viscosity of all blends from -13 to 90℃ over storage period of 6 weeks. Energy, vol. 7, no. 2, April 2018 
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Effects of storage period on density of biodiesel blends
The experimental results of higher density at testing temperature of 15℃ for waste cooking oil methyl ester biodiesel and its blends with diesel at different storage period has been summarized in Table 5 . Fig. 7 illustrates density values at 15℃ for different biodiesel blends with ULSDS at different storage periods. It is observed that if the experimental results of biodiesel blends with ULSDS compared with specification diesel fuel standard (ASTM D4052) range between 800 and 880 kg/m 3 overall density results meet the standard or specification requirement of diesel fuel as shown in Fig. 7 and Table 5 . The influence of testing temperature on density for some selected storage periods has been tabulated in Table 6 . It is observed that the samples demonstrate temperature-dependent behaviour and the density is increasing over the storage period for the same testing temperature. An increase of the storage period leads to increase the density of biodiesel blends. Moreover, Fig. 8 is an example to show the effect of the testing temperatures over storage period (12 weeks) for all blends. It is noticed that as the testing temperature increases, the density of the blends decreases. Also, storage over an extended period (12 weeks) resulted in higher density for all fuels. 
Optimization of viscosity and density of biodiesel blends
The influence of testing temperatures, volume fraction (VF) of biodiesel and storage periods (W) on the viscosity (ν) and density (ρ) of biodiesel blends was tested using RSM.
The experimental data were randomized to minimize the effects of unexpected variability in the observed responses. The methodology adopted allows the formulation of a second-order equation which describes the process. The properties of biodiesel blends were analyzed through the least squares method to fit the second order equation as shown in Table 7 .
To test the fit of the models, the determination coefficient (R 2 ) was evaluated. Consequently, it follows that prediction results using RSM are in very good agreement with the actual values of the kinematic viscosity and density of biodiesel. This observation can be confirmed with very high value of coefficient of determination. For example, R 2 of Eq. (3) was 0.833, which indicated that the model could explain 83.30% of the variability. The R 2 values showed that the experimental data for kinematic viscosity and density have a very good correlation with the models for all biodiesel. Therefore, R 2 values are close to unity highlighting proper fitting of the predicted values. 13 10 Due to interaction effects between the variables, the parameters could not be analyzed independently. The significance of the parameters in the model was obtained using statistical techniques. Fig. 9 and 10 show the contour graph of the interaction effects of the three parameters (volume fractions, testing temperatures and storage periods) for the kinematic viscosity and density respectively. The contour areas help to explain how the kinematic viscosity and density varies with a change in the experimental conditions. The number written on each contour area indicates the kinematic viscosity and density values in the specified experimental conditions. These contour plots were demonstrated that the interaction effects of all parameters were considerable. 
Conclusions and Future Works
In this study, biodiesel was produced from a mixture of waste vegetable oils to be used as a biodiesel fuel. A study was carried out to investigate how the basic flow properties: kinematic viscosity and density for eight fuels (D100, B5, B10, B15, B20, B50, B80 and B100) change with time (week) and temperature.
Additionally, the effects of testing temperatures and storage periods on fuel properties were experimentally examined. Based on the analysis of the results obtained, the following conclusions can be drawn:
 The experimental data showed that the viscosity and densities of diesel and all biodiesel blends decreased with an increase in temperature up to 90℃.  The results indicated that viscosity and densities increased for samples over long term storage.  Over the course of 12 weeks of storage, viscosity and density of pure biodiesel least affected by storage period among other sample, as indicated by comparatively low I r values.  The RSM method used the temperatures, biodiesel fractions and storage periods as inputs to calculate the kinematic viscosity and density of blends as outputs. Results indicate that the proposed RSM method is able to predict the accurate biodiesel density and kinematic viscosities with the overall R 2 ranged between 83.30% and 96.18%. An interesting future study might involve studying other physical properties of biodiesel such as cold flow properties, acid value, oxidation stability. In addition, the effect of long term storage on properties of biodiesel blends with different diesel fuels by varying the volume fraction of biodiesel from 0 to 100% in step of 5%.
